A MIC macrodilution broth method in which routine antimicrobial susceptibility testing disks were used as a source of antibiotic was compared with the M7A reference method of the National Committee for Clinical Laboratory Standards for accuracy and reproducibility over five test runs. Gentamicin, piperacillin, and oxacillin were tested by using American Type Culture Collection quality control strains and laboratory isolates for which the MIC of each agent was known. An optimum time for elution of 1 h was first determined by timed elution in broth, confirming levels determined by the TDX method (Abbott, North Chicago, Ill.) for gentamicin and bioassay for piperacillin and oxacillin. MICs determined by the disk elution method demonstrated a reproducibility rate of 97% as well as 97% agreement with the reference method to within ±+1 dilution; MBCs showed 93% agreement. The disk elution method is reproducible and provides a reliable test system that can be used by any laboratory in which disk susceptibility testing is performed.
The determination of MICs and MBCs of antimicrobial agents is often considered of value in the management of serious bacterial infections. This applies particularly when potentially toxic antibiotics are being used or when the organism is one that often exhibits relative resistance. Recognized methods for performance of MICs and MBCs are agar dilution, broth macrodilution in tubes, and broth microdilution in multiwell plates. Performance of these tests can be cumbersome and time-consuming and necessitates the storage of frozen prepared portions of many different antimicrobial agents. Commercially prepared microdilution methods in which antibiotics are already diluted into multiwell plates are available, but they require valuable space in non-frost-free freezers and have limited shelf-lives (3). Furthermore, the antibiotic requested for MIC and MBC testing may not be present, or the range of concentrations of antimicrobial agents may be inappropriate.
Schneierson (8) devised a simple method for MIC determination by using standard commercial disks as the source of antibiotic and eluting the disks in broth. Modifications of his method were used for susceptibility testing of anaerobic bacteria, but the method fell into disfavor because of the lack of discriminatory power in recognizing susceptible and resistant strains, particularly in testing newer cephalosporins (4, 5, 10 ; National Committee for Clinical Laboratory Standards, Methods for Susceptibility Testing of Anaerobic Bacteria, MlJ-A2, in press). We reexamined the method of Schneierson (8) and extended it to include MBC testing based on guidelines of the National Committee for Clinical Laboratory Standards (NCCLS) (6) and compared it with the NCCLS broth macrodilution method for reproducibility and accuracy (7) .
MATERIALS AND METHODS
The following antimicrobial agents were supplied as dry powder by the indicated manufacturers and tested in accordance with an NCCLS reference macrodilution method (7) Both reference and test inocula were prepared by picking three to five colonies from a fresh 24-h subculture plate to a 2-ml saline tube which was adjusted to a no. 0.5 McFarland standard by using a colorimeter (Vitek Health Systems, Hazelwood, Mo.). For the reference and disk elution methods, the same saline suspension was diluted 1/100 and 1/20 in CAMHB, respectively.
Reference method. The reference broth macrodilution method was that recommended in NCCLS reference method M7-A2 (7). Dilution ranges for the reference method were as follows: gentamicin, 32 to 0.12 jxg/ml; piperacillin, 128 to 2.0 ,ug/ml; and oxacillin, 8 .0 to 0.25 plus 6 jig/ml. Briefly, and antimicrobial agent was made up to twice the required concentrations, and 1.0 ml was dispensed into the appropriate glass tubes. One milliliter of the inoculum at twice the required concentration was added to each tube below the broth surface. The act of expelling the inoculum was sufficient to mix the solution, with care being taken not to splash the contents up the sides of the tube. A total of 100 RI from the positive growth control was diluted 1/100 in saline and in duplicate, 100-and 10-pdl portions were transferred to sheep blood agar, and after incubation, colony counts to determine the initial inoculum were performed. Test tubes were incubated at 35°C in ambient air for 24 h and were gently shaken at 20 h. The MIC was recorded as the lowest concentration with no visible growth. All tubes with no visible growth were subcultured by transferring, in duplicate, 10 plI to sheep blood agar. After overnight incubation, colony counts were performed and the MBC cutoff was determined in accordance with Table 1 of NCCLS reference method M26-P (6). The same method for determining the MBC was used for disk elution as well.
Disk elution. Antibiotic disks were allowed to elute in broth for a minimum of 1 h. Dilutions were prepared or portions were removed after this period. The final dilutions were dispensed in 0.9-ml portions into sterile glass tubes to which 0.1 ml of inoculum was added, for a total volume of 1.0 ml.
(i) Gentamicin. A stock solution of 8 p.Lg of gentamicin per ml was made by eluting eight 10-,ug disks in 10 ml of CAMHB. Portions of the stock were diluted with CAMHB to achieve concentrations of 4.0 to 0.12,ug/ml. Thirty-twoand 16 p.g/ml concentrations were obtained by eluting 12 and 6 disks in 3.7 ml of CAMHB, respectively, directly into the test tubes. A dilution range of 128 to 2.0,ug/ml was achieved.
(ii) Piperacillin. Two elution tubes were set up; one tube with nine 100,ug disks in 9.0 ml (100 pug/ml) and one tube with eight 100-,ug disks in 4.0 ml (200pug/ml). The former was used as a stock to make up the 64-to 2.0 pug/ml concentrations, and the latter was used for the tube with 128pug/ml, all by the addition of calculated amounts of CAMHB. A dilution range of 128 to 2.0,ug/ml was achieved.
(iu) Oxacillin. One-microgram oxacillin disks were dispensed into individual tubes; two, four, six, or eight disks were placed into the tubes with concentrations of 2.0, 4.0, and 6.0pug/ml to which 0.9-ml portions of CAMHB supplemented with 2% NaCl were added. The tubes with 0.5 and 0.25,ug of oxacillin per ml were prepared by adding 1.8 and 3.6 ml of broth, respectively, to one disk per tube. After 1 h of elution at room temperature, 0.9 ml from the tubes with 106 CFU/ml. The inoculum was injected below the broth surface with a 100-pul pipette first into the antibiotic-free growth control and then, by using the same tip, into the tubes in sequence, starting with the tube containing the lowest concentration of antibiotic and ending with the tube containing the highest concentration of antibiotic.
To test the completeness of disk elution over time, antibiotic disks were placed in each of 12 tubes containing 2.0 ml of CAMHB. In the case of gentamicin, two portions were removed from the disk-containing tubes at intervals of 20, 40, 60, 120, and 240 min and 24 h and were refrigerated until all samples were collected; each portion was tested for gentamicin content by the TDX method (Abbott, North Chicago, Ill.). A bioassay method was performed (2) to measure oxacillin and piperacillin concentrations by using a laboratory strain of Staphylococcus capitis in blood agar base 2 (Oxoid), and the reference antibiotic was diluted in CAMHB to obtain the standard curve. The 24-h piperacillin and oxacillin samples were set up on the day before the day that the bioassays were performed to minimize any betalactam deterioration; the other timed samples were collected in the same manner described above for gentamicin. Each portion was tested in duplicate; the four assays for each time were averaged, and the results were expressed as percentages of expected values, which were 5 pig/ml for gentamicin and oxacillin and 50,ug/ml for piperacillin.
RESULTS
Results of the TDX and bioassay disk elution studies (Fig.  1) There was 95% reproducibility and agreement in gentamicin tests (Table 4) ; MBCs could not be determined for X. maltophilia because the MICs by both methods were greater than 32 ,ug/ml. Piperacillin MICs showed 100% reproducibility and agreement. There was 95 and 85% reproducibility in the reference and test methods, respectively, for the MBCs, VOL. 34, 1990 One appropriate NCCLS reference strain should be tested with each antibiotic MIC elution performed to serve as a quality control check of the procedure. In addition, a negative control of the uninoculated broth and positive controls of each organism tested in broth without antibiotic should be included.
Additional studies involving different lot numbers and products from different manufacturers are required. However, results of our initial study indicate that lot-to-lot and disk-to-disk variations are within narrow limits and are acceptable for this type of test.
